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ABSTRACT : 

PURPOSE: To obtain a heat transfer device which is capable of uniformly 
heating an object and adaptable to a large size wafer . 

CONSTITUTION: A contact type heat transfer device includes closed spaces 4 
each having a heating /cooling surface 2 with which a wafer 1 comes in contact 
and a back face 3, a heater 5 to heat working fluid filled in the closed spaces 
4 and its saturated vapor, a fan 6 to cool the saturated vapor, a vacuum 
chamber 7 communicating with the heating /cooling surfaces 2, a vacuum pump 9 to 
suck air inside the closed spaces 4 and a controller driving system as well. 
Thereby, the device can be downsized and the high response property to 
temperature is enhanced as the heat transfer amount is large. Even when the 
wafer 1 generates heat unevenly, the temperature can be uniformly kept. The 
device can be miniaturized and the cost can be reduced. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention is used as a thermostat for the bum-in of the wafer which is the 
aggregate of the component before assembly of semiconductor devices, such as IC, concerning contact 
mold thermal transfer equipment. 
[0002] 

[Description of the Prior Art] Screening by the bum-in is carried out as a means by which 
semiconductor devices, such as IC, remove a potential defect before shipment. Since this bum-in 
process is the culmination of a semi-conductor production process, the semiconductor device has been 
finished to the finished-product configuration. Since the defect generated in this phase causes a big cost 
loss, defective removal at the earliest possible process is desired. Moreover, since the semiconductor 
device is assembled by the finished-product configuration, the area and the volume which are occupied 
by a package and lead become large, and the burn-in thermostat which contains many devices will be 
enlarged. 

[0003] Then, that a bum-in should be carried out in the wafer condition which is the aggregate of the 
component before assembling to such a semiconductor device, research of a wafer bum-in and 
development are tried, and though inadequate, it carries out partly. 

[0004] A sheath heater is cast inside the heating surface object made from the metal with high thermal 
conductivity, and the approach of this heating directly is used for the wafer bum-in. Since the 
temperature control of a heating surface is easy, although equipment can be miniaturized, since skin 
temperature distribution of a heating surface becomes an ununiformity according to this method, it is not 
suitable for the wafer of a major diameter. Moreover, since this equipment does not have a cooling 
means and self-calorific value of a wafer cannot be made larger than the amount of loss by the heat 
leakage in a test temperature, it can use only for the wafer of small calorific value. 
[0005] On the other hand, the method to which forced circulation of the brine is carried out as a heat 
carrier is also used. By this method, the brine controlled by the cistem possessing the heater formed in 
the brine passage formed in the interior of heating / cooling surface object made fi-om the metal with the 
high heat conductivity outside and a condensator to constant temperature is fed and circulated with a 
liquid-sending pump etc. since according to this method distribution of skin temperature is 
comparatively good and it can respond also to the wafer of a major diameter, but a cistem, a pump, 
circulatory system piping, etc. are needed - equipment - complexity — it enlarged and cost also became 
high. Moreover, in order to use brine, it was disadvantageous in respect of maintenance. Furthermore, 
since self-generation of heat of a wafer was absorbed by brine (cooling), as calorific value, it could 
respond to a certain extent, but when the wafer itself had distribution of calorific value, the thermal 
performance of heating/cooling object was uniform, and since it was not able to respond to calorific 
value distribution, the temperature distribution proportional to calorific value distribution occurred to the 
wafer. Furthermore, brine was used, or the whole heat capacity became large by enlargement of 
equipment, and there was a field which lacks in the responsibility over a rise, descent, etc. of 
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temperature. 

[0006] While heating a wafer with the nitrogen gas heated by the gas heater, for example as wafer bum- 
in test equipment equipped with heating and the cooling means other than the above, the equipment 
which supplies liquid nitrogen gas and cooled the wafer is proposed (refer to JP,59-74730,U). However, 
with this equipment, since it becomes the heat exchanger of an elevated temperature, or the low 
temperature gas and the solid-state heating surface, the amount of heat exchange is small, and like above 
equipment, when a wafer has distribution of calorific value, uniform heating or uniform cooling cannot 
be performed. Furthermore, equipment also becomes complicated. 
[0007] 

[Problem(s) to be Solved by the Invention] This invention solves the above-mentioned problem in the 
conventional technique, and can respond also to the object object made to generate large size and an 
uneven thermal load, the amount of heat transfer is large and it excels in temperature responsibility, and 
further, structure is easy and makes it a technical problem to offer the low contact mold thermal transfer 
equipment of cost. 
[0008] 

[Means for Solving the Problem] In order that this invention may solve the above-mentioned technical 
problem, invention of claim 1 The space section sealed including the contact surface where the body 
with which contact mold thermal transfer equipment receives heat transfer contacts, and the rear face of 
this contact surface, It is characterized by having the heat carrier liquid into which it was put by this 
space section and its saturation gas, a heating means to heat said heat carrier liquid, and a cooling means 
to cool said saturation gas. Invention of claim 2 the above ~ in addition, the thing for which it has the 
divided 2nd space section through which it flows in said contact surface, and a suction means to attract 
the gas of this 2nd space section — the description ~ carrying out invention of claim 3 — claim 1 or the 
description of invention of two — in addition, said contact surface is characterized by having turned to 
the vertical direction bottom. 
[0009] 

[Function] If a heating means to heat the heat carrier liquid sealed by the space section is operated 
according to invention of claim 1, the body (the example of a "wafer" explains an operation below) 
which receives heat transfer, such as a wafer, for example can be heated. That is, while touching the 
contact surface from which it becomes a saturation gas shortly after receiving heat by actuation of a 
heating means, since heat carrier liquid is sealed in the saturation gas and it has become a saturated 
liquid, and it is carried to the contact surface, and heat is taken by the wafer, condensing and emitting 
heat to the contact surface, it flows to the heating means from the contact surface again. A wafer is 
heated by repeating such a cycle. 

[0010] On the other hand, a cooling means is operated when cooling a wafer. By this, the saturation gas 
of heat carrier liquid becomes the heat carrier liquid of saturation, shortly after heat is taken by actuation 
of a cooling means, it is carried to the contact surface, and it arrives at the location again cooled while 
touching the contact surface which receives the heat of a wafer, evaporating and absorbing the heat of 
the contact surface, and a wafer is cooled by repeating such a cycle. 

[001 1] Heating or cooling of heating by the above heating means or the cooling means or cooling, and 
the contact surface is performed by the phase change, i.e., the ebullition evaporation, or condensate- 
izing between the liquid phase-gaseous phases of a heat carrier. Therefore, heat exchange is performed 
by transfer of the latent heat with the very large heating value per unit weight of a heat carrier. 
Moreover, since heat transfer is performed by ebullition/condensation phenomenon, a heat transfer rate 
is very good [ temperature / the temperature under heat exchange is almost fixed, and ] while uneven 
temperature distribution do not arise in a heat exchange side since the amount of heat carriers 
corresponding to a thermal load continues in an instant and is supplied to a heat exchange side even if 
the imbalance of a thermal load is in a heat exchange side. Consequently, even if it is small equipment, it 
will have big heating and refrigeration capacity. Moreover, while being able to heat or cool a wafer to 
homogeneity, even if the calorific value of a wafer is locally uneven, this is maintainable to uniform 
temperature. Furthermore, since temperature uniform on the whole can be maintained also with an 
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object to which the heat leakage of a periphery becomes large rather than a core, for example with the 
wafer of large size, without producing a temperature gradient, it is suitable also for processing of the 
object of large size. 

[0012] Since the divided 2nd space section through which it flows in the contact surface, and a suction 
means to attract the gas of the 2nd space section are established according to invention of claim 2, the air 
by the side of the contact surface can be attracted by operating a suction means. Therefore, if the body 
which receives heat transfer, such as a wafer, in the contact surface touches, among both, negative 
pressure will arise and adhesion will become good. Consequently, heat transfer between both is 
performed much more effectively. Moreover, the contact surface can be attracted and held to the contact 
surface, without pushing a wafer etc. upward as for facing down. 

[0013] Since according to invention of claim 3 the contact surface has tumed to the bottom and the rear 
face of the contact surface which forms the space section turns to a top, a rear face will be got wet with 
heat carrier liquid. Consequently, ebullition of heat carrier liquid is performed efficiently and a wafer is 
cooled efficiently. On the other hand, since the saturation gas of heat carrier liquid has light specific 
gravity, the contact surface is contacted not up and down related. And if it contacts and liquefies, it will 
flow to the location heated with a heating means. Therefore, a heating operation does not fall. 
[0014] 

[Example] Drawing 1 thru/or drawing 4 show the configuration of the contact thermostat which is an 
example of contact mold thermal transfer equipment. Heating / cooling surface 2 which is the contact 
surface where the wafer 1 which is an example of the body with which this equipment receives heat 
transfer contacts. The space section 4 sealed including that rear face 3, and the working fluid which is 
the heat carrier liquid into which it was put into this, and which is not illustrated, and its saturation gas 
and its saturated steam. The cooling fan 6 as a heating means, for example, the electric heat-type heater 
5 and a cooling means to cool saturated steam, to heat a working fluid, It has the vacuum chamber 7 
which is the divided 2nd space section through which it flows in heating / cooling surface 2, and the 
vacuum pump 9 as a suction means which attracts the air in this through the suction opening 8 and bulb 
8a. It has tumed [ cooling surface / heating / / 2 ] to the bottom. Moreover, parts other than a cooling fan 
6, bulb 8a, and vacuum pump 9 are formed in one as a body part. 

[001 5] Since the equipment of this example is used for the bum-in of a wafer, further as a control drive 
system When a wafer 1 contacts The temperature of heating / cooling surface 2 attached so that it might 
not become a failure-^B^iCens^^to detect and this information are inputted. The heating output L And 
the power unit 14 grade which supplies the thermoregulator 1 1 equipped with the cooling output H, the 
final control elements 12 and 13 which these outputs are inputted and are outputted to a heater 5 and a 
cooling fan 6, and the power controlled by these outputs to a heater and a cooling fan is prepared. 
[0016] Although the integrated circuit device of dozens - 1000 numbers is formed on a silicon substrate 
with a thickness of about 0.5mm and a wafer 1 is the disc-like body of the diameter which is about 2-8 
inches, it is in the inclination which it continues to major-diameter-ize from the field of productive 
efficiency. The circuit element which is not illustrated is arranged on the wafer 1, and it is in the 
condition of operating if a power source and an actuating signal are impressed by the electrical 
connecting means which is not illustrated. In this condition, it holds to predetermined temperature with 
this equipment, and a bum-in is performed. All over a bum-in, each circuit element will be in operating 
state, and carries out self-generation of heat. As calorific value of the whole wafer, there are some which 
amount to lOOOW by the big thing from several W. Although bum-in temperature is generally 125- 
degreeC-150-degreeC, it is in the inclination of elevated-temperature-izing further. 
[0017] In order heating / cooling surface 2 is made of copper or a metal with high thermal conductivity 
like aluminum and to raise adhesion with a wafer 1, it is smooth, and is finished by the mirror plane and 
the still more suitable surface treatment for corrosion resistance and the improvement in abrasion 
resistance is protected by carrying out a front face. The space section 4 is formed in the concentric 
circular part 4-1 of the double layer prepared so that it could respond to the wafer diameter of varieties, 
and the radial part 4-2 which combines these parts, as shown also in drawing 2 (A-A line sectional view 
of drawing 1 R> 1). From the space section 4, as shown also in drawing 2 and drawing 3 (the Kamitaira 
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side Fig. of drawing 1 R> 1), the vertical pipe 4-4 which branched to the radial partial 4-2-way the 
horizontal pipe 4-3 which the edge closed, and after this, and started to it forms a projection, and these 
form a heating unit and the cooling section. A vertical pipe 4-4 has cooling-fm 4-4a, and the heating area 
is expanded. 

[0018] Thin adsorption slot 2b formed in concentric circular from each vacuum chamber 8 arranged by 
concentric circular focusing on much stoma 2a and this which penetrated and carried out opening of the 
space section as shown also in drawing 4 (the Shimohira side Fig. of drawing 1 ) is formed in heating / 
cooling surface 2, and stoma 2a and adsorption slot 2b are open for free passage for every adsorption 
slot. The suction opening 8 for vacuum suction is formed in the opposite side of stoma 2a of the vacuxmi 
chamber 7 at the part, and these are connected to the vacuum pump 9 through bulb 8a. Such a contact 
thermostat is kept warm with the heat insulator which is not illustrated in order to prevent heat leakage 
except for the part of cooling-fin 4-4a of heating / cooling surface 2, and a vertical pipe 4-4. 
[0019] By the above configurations, this contact thermostat operates as follows. First, the target 
temperature for carrying out a bum-in to a temperature controller 1 1 is set up, and power is supplied to a 
control drive system. From the set point, if the temperature of heating / cooling surface 2 is low 
temperature, as for a thermoregulator 1 1, it will take out the heating output L. Thereby, power is 
supplied to a heater 5 through a final control element 12, and a heater 5 generates heat. The working 
fluid in the horizontal pipe 4-3 enclosed by the heater 5 begins ebullition, shortly after receiving supply 
of heat. By this ebullition, a pressure buildup spreads throughout space circles at acoustic velocity 
mostly. By space section internal surfaces other than a heating unit, although filled with the steam which 
boiled in coincidence in the space section 4, since space circles have saturation temperature 
corresponding to the first pressure, while a steam condenses immediately, very quick heat transfer is 
performed and a wall surface starts a temperature rise in response to the emitted latent heat. The 
condensed working fluid returns in a horizontal pipe 4-3, is heated again, and is boiled. 
[0020] If the target temperature which the temperature of heating / cooling surface 2 set up is 
approached, the heating output L will decrease gradually by the control action of a thermoregulator 1 1, 
the power supplied to a heater 5 by this will decrease, it will become only the power with which the 
amount of heat loss of a contact thermostat is compensated, and heating / cooling surface 2 will be 
maintained to constant temperature. In this case, in order that the steam of the working fluid under 
temperature rise may be condensed in a part with low temperature so much more than a part with high 
temperature and may emit more latent heat, are concemed, there is nothing to dispersion, such as the 
space section 4 and a partial configuration of heating / cooling surface 2, or dispersion of heat loss, each 
part carries out a temperature rise equally, and uniform temperature distribution are acquired for a short 
time. 

[0021] If a contact thermostat will be in such a condition, it will go into a bum-in process. The wafer 1 
arranged directly under heating / cooling surface 2 is illustrated, twisted and pushed up, and it pushes up 
with equipment, or the contact thermostat itself is lowered, and heating / cooling surface 2, and a wafer 
1 are contacted, A vacuum pump 9 is operated in this condition, from the rear face of heating / cooling 
surface 2, vacuum suction is carried out, and a wafer 1 is adsorbed and held with a high degree of 
adhesion by differential pressure with atmospheric pressure in heating/cooling surface. Thereby, heat 
transfer between both becomes much more good. 

[0022] Next, a power source and an actuating signal are given to a wafer 1 by the electrical connecting 
means which is not illustrated, and a component is put on operating state. Thereby, a wafer 1 begins 
self-generation of heat, gives heat to heating / cooling surface 2, and boils the working fluid in the space 
section 4. When self-calorific value is small, and only an equivalent for self-calorific value decreases the 
power which a thermoregulator 1 1 supplies to a heater 5, constant temperature, i.e., bum-in temperature, 
can be maintained. When self-calorific value is large, since bum-in temperature is unmaintainable as for 
zero, positive cooling actuation is needed in the supply voltage to a heater 5. At this time, a 
thermoregulator 1 1 takes out the cooling output H, operates a cooling fan 6, ventilates a vertical pipe 4-4 
and cooling-fin 4-4a, and carries out forced cooling of these, 

[0023] In the wall of the vertical pipe 4-4 which received ventilation, the steam of a working fluid emits 
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the latent heat and condenses continuously in an instant. The working fluid condensed and dropped 

within the vertical pipe 4-4 enters in the space section 4, with the time of heating, is sent to hard flow 
and returns to the part corresponding to heating / cooling surface 2 of the space section. And it 
evaporates, while absorbing the heat of a wafer 1 and cooling this, and it is again sent in a vertical pipe 
4-4, and is cooled and condensed. A cooling fan 6 has ventilation capacity, such as a rotational 
frequency, adjusted in proportion to the magnitude of the cooling output H of a thermoregulator 1 1 in 
the above. Thus, the self-calorific value of a wafer 1 is emitted to atmospheric air, and this is maintained 
to constant temperature. As for the above actuation, it is desirable to be equally carried out to 
coincidence in heating and the cooling section of four to all horizontal pipe [ that were installed in the 
radial from the space section 4 ] 4-3 and vertical pipe 4 part. 

[0024] Although the cooling section emits heat to atmospheric air and generates a natural heat loss 
during heating, it can make min the natural heat loss at the time of heating which is in a near condition 
calmly by selecting the capacity of a cooling fan appropriately so that the heat exchange of the 
maximum self-calorific value of a wafer can be carried out at the time of forced cooling, and designing 
the surface area of a cooling fin as small as possible. According to count, this heat loss can be set to 
1 /dozens of a heating heating value. Moreover, if the cooling section is cooled using constant 
temperature means, such as a cooling system, it is also possible to acquire heating/cooling surface of the 
low temperature below ordinary temperature. 

[0025] In addition, like this example, the concentric circular space section 4-1 and concentric circular 
wafer adsorption slot 2b are arranged by turns. For example, if about 1 inch of the pitch is carried out in 
magnitude of a wafer and bulb 8a is prepared to suction openings other than the thing corresponding to 
the diameter of the minimum wafer among the suction openings 8 for vacuum suction By closing the 
bulb of the vacuum chamber corresponding to a location outside the diameter of a wafer, the wafer of 
varieties with which diameters differ can be heated / cooled efficiently. In addition, in order to improve 
a flow of a working fluid, you may make it prepare a wick in space circles as occasion demands. 
[0026] Drawing 5 shows the structure of the body part of the contact thermostat of other examples. In 
the contact thermostat of this example, heating / cooling surface 2 in contact with work pieces, such as a 
wafer, were formed upward, and the wick 15 is formed in the space section 4. With this equipment, the 
working fluid which it was cooled within the ventical pipe 4-4, and was condensed spreads in the space 
section 4, is^sucked up: by the capillarity of a wiSlTHS^, from heating / cooling surface 2, absorbs 
generation of heat of a wafer etc., evaporates, and returns to a vertical pipe 4-4 again. According to such 
equipment, since a work piece can be laid on heating / cooling surface 2, the operability of a work piece 
becomes good. 

[0027] Drawing 6 shows an example of the wearing condition of the wick 15 in the concentric circular 
space section 4-1 or the radial space section 4-2. As shown in this drawing (b), when the cross section of 
the space section is long in a rectangle, it prepares in several places by carrying out vertical direction 
wick partial 15b other than surrounding wick partial 15a to middle working-fluid sucking. 
[0028] 

[Effect of the Invention] Since heat transfer is performed like the above by the change of state of the 
heat carrier liquid which is in the saturation state enclosed with space circles in invention of claim 1 
according to this invention, and its saturation gas and the amount of heat transfer per unit weight of a 
heat carrier becomes very large, contact mold thermal transfer equipment can be miniaturized. 
Consequently, the heat capacity of a heat transfer system becomes small. And since heat capacity's being 
small and heat transfer happen at the rate near acoustic velocity, the temperatxire responsibility of 
equipment becomes very high. 

[0029] Moreover, since the amount of condensation and evaporation correspond for changing even if 
temperature is eternal during the change of state between the liquid phase-gaseous phases of a heat 
carrier, and it is extremely stable and a thermal load moreover becomes an ununiformity by partial heat 
dissipation/endoergic one, the temperature of the body which receives heat transfer is maintainable to 
homogeneity. And ebullition/condensation of space circles do not have involvement in the size of 
heating/cooling surface, and since it happens uniformly-like proportionally to the size of the heating 
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value delivered and received, the stable temperature and uniform temperature distribution can be 
acquired also in a body with the large size of a major-diameter wafer etc. 

[0030] Furthermore, since heat transfer of heating/cooling is performed by the natural phenomenon of 
ebullition/condensation, and the big latent heat's being used and a special heat migration means are not 
needed, small simplification of the equipment is carried out, and it is cheap, there is no failure and it can 
be made the easy thing of maintenance. 

[0031] In invention of claim 2, since the divided 2nd space section through which it flows in the contact 
surface, and a suction means to attract a gas from here are established, if the body which receives heat 
transfer is installed in the contact surface, a negative pressure suction force can be generated among 
both. Consequently, the adhesion between both can be raised and heat transfer nature in the meantime 
can be raised further. 

[0032] Since the contact surface makes it the configuration suitable for the bottom according to 
invention of claim 3 and the rear-face side of the contact surface in the space section turns to a top, this 
field will be got wet with heat carrier liquid, and when receiving heat transfer from the body with which 
the contact surface contacted, it can be made conditions convenient to ebullition of heat carrier liquid. 
That is, the objective cooling effect can be enlarged. 

[0033] Moreover, since the contact surface is located above this heat, and a free convection will be 
checked by the contact surface, heat will pile up as it is, the effectiveness of air heat insulation will be 
demonstrated and it will be kept warm although the air which approached the contact surface and a body 
list at this is heat with temperature higher than a perimeter when heating or maintaining a body to an 
elevated temperature in the contact surface, heat loss can be reduced and more uniform temperature 
distribution can be realized. In this case, if a windshield is prepared in the perimeter which separated a 
few from the contact surface for outflow prevention of heat, thermal efficiency can be raised further. 
[0034] Furthermore, those arrangement can be easy-ized when processing the body which needs the 
large-sized electronic equipment which generate the power source and actuating signal for impressing, 
for example like a wafer, since a cooling means can be arranged more nearly up than the contact surface 
and sufficient tooth space is left behind caudad. Moreover, since emission of the heat to a perimeter can 
be prevented by preparing windshield extent like the above and the contiguity arrangement of a wafer 
and its starting device can be carried out, without being thermal influenced, electrical installation die 
length can be shortened. Consequently, it becomes very convenient about between a wafer and the 
signal generators of a starting device transmitting an actuating signal at high speed. In addition, when 
using it by such contiguity arrangement of both in a low-temperature region, the heat which electronic 
equipment emits heats a windshield and the effectiveness of preventing dew condensation of a 
windshield is also acquired. 

[0035] And further, when using the contact mold thermal transfer equipment of this invention for a 
wafer, the rear face of a wafer is made by the grand pole, and since the part which constitutes the contact 
surface is also usually an electric good conductor, on the other hand, this can be used as a grand pole of 
an electrical connecting means. In this case, since piping connected with the external instrument for heat 
transfer or this with the equipment of this invention is not needed, if equipment can be made into a 
perfect standalone version and sufficient electric insulation is performed, even if it uses as a grand pole, 
neither a wafer nor other devices will be affected. Moreover, if the adhesion of the contact section and a 
wafer is raised like invention of claim 2, electrical connection resistance in the meantime will be 
reduced, and the availability as a grand pole of this equipment will become still better. 



[Translation done.] 
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